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a b s t r a c t
Cytotoxic exogenous RNases triggering apoptotic response in malignant cells have potential as anticancer
drugs; surprisingly, detailed characterization of the RNase-induced apoptosis has not been conducted so
far. Here we show that a cytotoxic RNase from Bacillus intermedius (binase) induces extrinsic and intrinsic
apoptotic pathways in leukemic Kasumi-1 cells. The experiments were performed using TaqMan Array
Human Apoptosis 96-well Plate for gene expression analysis, and ﬂow cytometry. Cytometric studies
demonstrated dissipation of the mitochondrial membrane potential, opening of mitochondrial perme-
ability transition pores, activation of caspases, increase of intracellular Ca2þ and decrease of reactive
oxygen species levels. We found that expression of 62 apoptotic genes is up-regulated, including 16
genes that are highly up-regulated, and only one gene was found to be down-regulated. The highest, 16
fold increase of the expression level was observed for TNF gene. Highly up-regulated genes also include
the non-canonical NF-kB signaling pathway and inﬂammatory caspases 1,4. The obtained results suggest
that binase induces evolutionary acquired cellular response to a microbial agent and triggers unusual
apoptosis pathway.
 2013 Elsevier Masson SAS. All rights reserved.
1. Introduction
Ribonucleases (RNases) are promising agents for use in anti-
cancer therapy (For a review see Refs. [1,2]). RNases with potential
antineoplastic properties were found in fungi, bacteria, plants and
animals [3e5]. An important property for potential medicinal
application of antitumor RNases is their ability to induce cell death
by apoptosis. The best known antitumor RNase is onconase, an
amphibian ribonuclease that currently undergoes clinical trials for
the treatment of cancer. Besides own apoptogenic effect, the
onconase enhances tumor cells sensitivity to a number of cytotoxic
agents [6]. Despite a large number of studies aimed at deciphering
the cytotoxic effect of RNases on cancer cells, key elements of the
cell signaling network responsible for cytotoxic effects of RNases
and the mechanism of programmed cell death triggered by RNase,
are poorly understood. In particular not yet deﬁned are the
apoptotic pathways of cell death induced by exogenous RNases. The
available data is fragmentary and not sufﬁcient for development of
the RNases application strategy in oncology, whether on its own or
in combination with other cytotoxic agents.
Bacillus intermedius ribonuclease (binase) is cytotoxic for human
leukemic K562 [7] and Kasumi-1 cells [8]. Sensitivity of Kasumi-1
cells to the binase toxic action depends on the expression of KIT
and AML1-ETO oncogenes. Furthermore, the mechanism of binase
toxic activity toward leukemic cells includes decrease in KIT onco-
gene expression [8,9]. It was shown that binase penetrates cells and
reduces total amount of RNA, although this effect does not correlate
with the sensitivity of cells to the ribonuclease toxic action [10].
These data led us to the assumption that cleavage by binase of
different classes of RNA molecules could trigger a number of
cellular regulatory mechanisms, including regulation of apoptosis
controlling genes. To study the possible involvement of apoptotic
genes in Kasumi-1 cells response to binase action we used Real
Time PCR and TaqMan Array Human Apoptosis 96-well Plate.
We have observed that expression of 62 apoptotic genes is up-
regulated and only one gene was found to be down-regulated.
A detailed study of markers of the apoptosis induced by binase
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